The application of gas chromatography (GC) to the identification of microorganisms has received widespread attention (27) . The techniques which have been developed are based on an analysis of either the unique metabolites of a given organism or on its individual structural components. Culture extracts have revealed specific amines for clostridia (5) , hydroxy acids and fatty acids for Neisseria (4, 5) , and aliphatic acids for anaerobes (12, 13) . Bacterial cell wail preparations examined for unique fatty acid profiles have included pseudomonads (29, 37) . Pyrolysis-GC of whole cells of clostridial bacteria gives identifiable differences in the observed fragmentation patterns (33) .
More recently, headspace analysis techniques have been developed to sample directly the volatile metabolites produced in culture. These techniques either have involved sampling the culture headspace directly, as in the case of aliphatic acids (2, 21) and amines (21) for various anaerobes and sulfides for Proteus (14) , or have made use of volatile concentration methods for Pityrosporum and pseudomonads (18, 22, 28) . Headspace analysis has also been applied to samples of human body fluids including saliva (17) , urine (25, 39) , and blood serum (24) .
Whereas anaerobic organisms appear to be limited in their volatile metabolic products (13, 32) (9, 10, 18, 19, 28, 31, 35) .
We have applied headspace analysis to cultures of P. aeruginosa, a pathogen which has been directly implicated in bacterial infections of burn patients and in lung infections of individuals with cystic fibrosis (20, 30) . The pathogen is a transient skin resident in some individuals and is readily isolated in hospital environments (6, 30 (36, 38) and by comparison of retention times and mass spectral data with authentic samples.
The procedure for the direct headspace analysis of cultures for volatile sulfur metabolites employed a GC equipped with a flame photometric detector. It is essentially the same system as that described by Tonzetich, except that a Perkin-Elmer 3920B GC with a 6-port injector valve (Valco Instruments Co., Houston, Tex.) and all Teflon lines were used (34) .
RESULTS
The volatile profile of P. aeruginosa is shown in Fig. 1 aeruginosa with increased peak intensities for 2-AA and the presence of 4-methyl-quinazoline, a reaction product of 2-AA (10). acids in milk fat to give a fruity aroma to milk products (ethyl butyrate and ethyl hexanoate) (28) . Pseudomonas taetrolens when incubated on milk culture forms 2,5-dimethylpyrazine and 2-methoxy-3-isopropyl-pyrazine. The latter possesses a potent potato-like aroma (28) . Similarly, two alkyl pyrazines, 2-methoxy-3-sec-butyl-pyrazine and 2-methoxy-3-isopropyl-pyrazine are produced by Pseudomonas perolens when incubated on fish tissue and are responsible for potato mustiness of refrigerated fish (28) . A va- riety of volatile compounds are also formed by P. putrefaciens and P. fluorescens when incubated on sterile fish muscle and include the following: methyl mercaptan, DMDS, DMTS, and isopentanol (26) . A detailed study of volatiles produced by P. putida and P. fluorescens isolated from spoiled, uncooked chicken and incubated on Trypticase soy agar identified 20 different compounds including DMDS, DMTS, 1-undecene, 2-butanone, and 2-nonanone, which were also identified in this study (22) . P. aeruginosa when grown in culture produces a compound that imparts a grapelike odor to the culture and aids in the identification of this organism. Recent studies have confirmed that 2-AA is responsible for this observed odor and is maximized at 20 to 24 h of incubation (10) . Analysis of cultures for 2-AA either by fluorescence or by GC is thus potentially useful for identification. Our data confirm the ubiquitous production of 2-AA in P. aeruginosa and show that other clinically relevant pseudomonads fail to produce 2-AA.
A series of odd-carbon-numbered methyl ketones as reported here for P. aeruginosa can be formed from the f-oxidation and decarboxylation of even-carbon-numbered fatty acids (11) . A similar ketone series has been observed in other biological systems. The odor of the pedal gland of the bontebok was reported to be due to 2-heptanone, 2-nonanone, 2-undecanone, and principally 5-undecen-2-one (8) . Whether these compounds are products of bacterial decomposition, as has been reported to be the case in pheromonal production in other mammals, is not known (1) . A report on the bacterial production of the ovipositional attractant for mosquitoes has implicated P. aeruginosa. The active compound(s) is produced from the action of this organism on fatty acid substrates, particularly decanoic acid (16) . Penicillium roqueforti readily transforms fatty acids in lipolyzed milk fat to 2-pentanone, 2-heptanone, 2-nonanone, and 2-undecanone, which contribute to the blue cheese odor (11) . A mechanism based on the deacylation of f3-oxo-acylthiolester was suggested for ketone formation.
A recent report on the discrimination of Pseudomonas species by cellular fatty acids indicates a difference in the presence and amount of 3-hydroxy-dodecanoic and 3-hydroxy-decanoic acids (29) , which could serve as direct precursors to 2-undecanone and 2-nonanone, respectively. P. fluorescens, P. aeruginosa, and P. putida show similar levels of these acids, whereas the latter two produce both ketones and P. fluorescens produces 2-nonanone ( 
